The linear TiCH molecule is studied by ab initio quantum mechanical calculations using quantitative basis sets and highly correlated computational methods. Potential energy curves along the TiϪCH coordinate have been computed to obtain a better understanding of molecular formation in eight low-lying states of the molecule. Total energies, dissociation energies ͑with respect to Ti ϩCH), equilibrium distances, and dipole moments are reported. Simple valence bond Lewis diagrams are used to interpret the nature of the bonding in all of the states studied.
I. INTRODUCTION
Transition metal compounds are conceptually interesting and technologically important. In particular, the importance of transition metals in catalysis, which is caused in part by the high density of low-lying states of the participating metal atom͑s͒, is well recognized. Modern electronic structure theory is one of the best approaches for obtaining a detailed understanding of these complex systems.
1 Despite the tremendous progress of the last 30 years in ab initio all-electron quantum mechanical calculations, quantitative predictions are still not easily made even for the simplest diatomic MX 2 or triatomic MXY molecular systems, where M is a first row transition metal atom and ͑X, Y͒ are main group elements. The fundamental difficulty of accurately solving the nonrelativistic Schrödinger equation for such systems is due, mainly, to the aforementioned multitude of low-lying states of the M atoms or cations (M ϩ ) coupled with significant differential electron correlation effects among the states.
In the current paper, we investigate one of the isomers of the triatomic molecule titanium methylidyne, TiCH. TiCH is one of the simplest organometallic systems, which, nevertheless, can be used as a stepping stone to the study of more complex molecules. In addition, some recent experimental findings obtained by laser-induced fluorescence spectroscopy are available for the TiϪCH molecule. 3 Although experimental results on the X 2 ⌺ ϩ state are limited, namely, r 0 ͑ TiϪCH͒ϭ1.7277Ϯ0.0003 Å, r 0 ͑ TiCϪH͒ϭ1.085Ϯ0.002 Å, and 2 ͑ bend͒ϭ578 cm Ϫ1 , 3 ͑ TiϪC stretch͒ϭ855 cm Ϫ1 , they are valuable benchmarks for the present theoretical study.
We can consider the linear TiCH molecule to be formed from the interaction TiϩCH or TiCϩH. These asymptotic fragments are essentially isoenergetic, because the ground state binding energies of CϪH 4 and TiϪC, 2͑b͒ 83.7 and 82.3 kcal/mol, respectively, are nearly equivalent. We can visualize the TiϩCH and TiCϩH interactions by using simple valence bond Lewis ͑vbL͒ diagrams, taking into account the lowest states of the fragments.
The electronic structure of the ground states of Ti(4s 2 3d 2 ;a 3 F) and CH(X 2 ⌸) is not expected to give rise to a strong attractive interaction in the linear configuration. However, a ''triple'' bond can be naturally formed from the interaction of the first excited states of 
II. METHODOLOGICAL DETAILS
For the Ti atom we use the ANO (21s16p9d6 f 4g) basis set of Bauschlicher contracted to ͓7s6 p4d3 f 2g͔. 7 For the C and H atoms the correlation consistent basis sets of quadruple and triple zeta quality, respectively, were employed: C(12s6 p3d2 f 1g) contracted to C͓5s4 p3d2 f 1g͔ and H(5s2p1d) contracted to H͓3s2 p1d͔. 8 The total oneelectron space contains 153 spherical Gaussian functions.
Potential curves were constructed at the complete active space-self consistent fieldϩsingleϩdouble replacements (CASSCFϩ1ϩ2ϭMRCI) level. Close to the equilibrium internuclear separations, the X 2 ⌺ ϩ and the first 2 ⌬ states were also calculated using the restricted singles and doubles coupled cluster method ͑CCSD͒ with a perturbative correction for triples, i.e., the RCCSD͑T͒ method. 9 The zeroth ''valence'' space contains 12 orbitals correlating to the valence space of the three atoms Ti(4sϩ4p z ϩ3d)ϩC(2sϩ2p)ϩH(1s). By distributing the nine active ͑valence͒ electrons in 12 orbitals, the CAS zeroth order wave functions range from 3700 to 48 000 configuration functions ͑CFs͒, according to the spatial-spin symmetry of the state. Symmetry and equivalence restrictions were imposed on the orbitals in the CASSCF wave function. For the construction of the potential energy curves, stated-averaged CASSCF orbitals were used. For the geometry optimizations, CASSCF wave functions were individually optimized for all but the two 4 ⌬ states. Keeping the 1s 2 2s 2 2 p 6 3s 2 3 p 6 configuration of Ti and 1s 2 configuration of carbon always fully occupied, the size of the contracted MRCI wave functions consists of about 6 ϫ10 6 CFs. Because the Ti(3s,3p) orbitals are of nearly the same spatial extent as the Ti(3d) orbitals, freezing the Ti(3s 2 3 p 6 ) configuration will introduce an error in the calculated relative energies of the states of the Ti atom and TiCH molecule. This will be investigated in later studies.
The choice of our reference spaces ensures proper description of the fragments at infinity, i.e., our computational approach is size-consistent but with a size-extensivity error of 6.8 ͑2.9͒ millihartree at the MRCI(ϩQ) level of theory.
For all calculations the MOLPRO 2002.3 package was used. Table I collects the total energies of the ground and selected excited states of the Ti atom that are involved in the formation of TiCH, along with the atomic energy separations with respect to the a 3 F(4s 2 3d 2 ) ground state. For the CH molecular fragment we report results on the ground (X 2 ⌸) state and its first excited (a 4 ⌺ Ϫ ) state, the latter being the in situ fragment of all of the molecular TiCH states presently studied. Although the CH moiety is well described by the electronic structure method/basis set chosen ͑see also Ref. 4͒, the Ti atomic separations show a significant discrepancy from the experimental values, 5 ranging from 3.1 ͑2.6͒ to 5.5 ͑4.5͒ kcal/mol at the MRCI(ϩQ) level of theory. These errors are due to a number of approximations invoked in the current study, especially truncation of the basis set, requiring double occupancy of the 3s and 3p core orbitals, and neglect of scalar relativistic effects.
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III. THE FRAGMENTS "Ti, CH…
IV. RESULTS AND DISCUSSION
In what follows we first examine the ground,
state of TiCH along with the first excited state, the Ã 2 ⌬ state. We then examine the quartet and doublet states of ⌸ and ⌽ symmetry and, finally, two states of 4 ⌬ symmetry. Our numerical results, i.e., total energies (E), equilibrium geometries r e (TiϪCH) and r e (TiCϪH), bond dissociation ener-gies D e (TiϪCH), dipole moments ͑͒ calculated as expectation values, and energy separations (T e ) with respect to the ground X 2 ⌺ ϩ state, are collected in This value has been calculated using the finite field approach.
on Ti and a corresponding excess of electrons on the C atom.
In the Ã -case a localized ␦ electron on the metal atom creates a rather large dipole moment while in the X -case the electron responsible for both the spatial and spin symmetry, ϳ0.61(4s)Ϫ0.25(3d z 2) Ϫ0.43(4p z ), counterbalances the negative C region and drastically reduces the dipole moment.
B. 4 4 ⌬(2)͔ kcal/mol, are in harmony with this highly excited Ti state to which these molecular states correlate diabatically.
V. SYNOPSIS AND REMARKS
We have studied eight molecular states, Finally we would like to mention that for all states and within interatomic TiϪCH distances of 9-10 bohr van der Waals interactions in the range 20 to 140 cm Ϫ1 were calculated.
